Biomaterial science provides a platform for the development of bio-artificial implants. Growth or development of engineered tissues for the purpose of repairing, restoring and enhancing the function of a damaged tissue or organ needs designed biomaterials. The most studied tissue engineering strategy consists on using cells growth factors and temporary three-dimensional (3D) porous scaffolds. 3D scaffolds play a very important role in the success of tissue engineering and regenerative medicine. They provide structural support for cells to proliferate and maintain their differentiated phenotype and permit the convenient delivery of cells into the patients. Several features of scaffold can influence the cell growth and its functions. The artificial extracellular matrices can be produced from different biomaterials including ceramics, natural or synthetic polymers and composites. Recent discoveries and innovations in this emerging field adopt varieties of techniques ranging from biotechnology to material science and nanotechnology. The result is a huge amount of data. To maintain and keep updated, this would not be an easy task. New advances in computers and information technology help to create and organize the databases quite easy. Their contents can easily be accessed, managed and updated. A WWW interface benefits the users to search the different types of data based on the types of biomaterials, their abundance, structure and applications. This provides the scope and archive of information on this emerging field of biomaterials to the global scientific community. The database is freely accessible through http://dbbiomat.iitkgp.ernet.in.
INTRODUCTION
Traditionally, biomaterials are intended to treat, deliver, augment or replace either the tissue or the function of body damaged either by disease or trauma [1] [2] [3] [4] [5] . Recently natural or synthetic nonviable biomaterials should not only promote an appropriate host response to the body, but also promote or inhibit specific cell activities. In the last few decades, with the combined advancement of biomaterials and biological sciences, the new field of "tissue engineering" and "regenerative medicine" has emerged creating unique opportunities to fabricate tissues in the laboratory. Biomaterials play a pivotal role in this field of science that is being used for producing new skin, connective tissues like bone and cartilage [6] [7] [8] [9] . Strategies to provide smart capabilities to the biomaterials primarily seek to achieve matrices that are instructive/inductive to cells. They may help to stimulate/trigger target cell responses, which are crucial in the tissue regeneration processes [10] . The development of such a tissue engineered construct required the combination of engineered extracellular matrices ("scaffolds"), cells and biologically active molecules. Cells are the fundamental unit on this strategy because of their ability to proliferate differentiate, and deposit specific ECM [11, 12] . Biomaterials used in tissue engineering applications can be fabricated in different forms including films, scaffold, nanofibers, nanoparticles, and hydrogels. Films basically have a 2D architecture and are able to support the adhesion and proliferation of cells [13] . Scaffolds are considered as a microporous three dimensional structures, in which a cell suspension can be seeded, promoting proliferation, differentiation, migration and orientation of the cells [7 and 14-17] . The nanofibers are sub-microscopic range fibers, dimensionally similar to ECM, which provide the cues for cell survival, their organization and function [18] [19] [20] [21] . 1 On the other hand nanoparticles are sub-microscopic size particles applied for the delivery of drug, vaccines, plasmid DNA, and other bioactive molecules [22] [23] [24] [25] [26] [27] . Hydrogels are 3D structures involving a network of structural, usually crosslinked molecules, within a water-based viscous matrix employed for cell encapsulation, delivery of drugs and other molecule [28] [29] [30] [31] [32] . Different types of natural and synthetic biomaterials are utilized for the fabrication of the polymeric matrices including starch, collagen, gelatin, alginate, agrose, chitosan, hyaluronic acid, silk proteins, elastin and fibrin [33] [34] [35] . One promising feature of these polymers is their excellent ability to be processed into porous structures use for the cell transplantation and tissue regeneration. Moreover, these natural biopolymers show similarity to the ECM and other polymers of the body [12] . ECM is complex mixture of structural and functional proteins, glycoprotein and proteoglycans arranged in a unique tissue specific threedimensional ultra structure, that provide mechanical stability and structural integrity to tissues and organs [34] . Natural based biomaterials are widely used for tissue engineering applications due to their excellent biodegradability, antimicrobial property [35] , biocompatibility, oxygen permeability and nontoxic nature. Examples of their use includes applications for wound dressing [36] [37] [38] , tissue engineering of bone [39, 40] , cartilage [41, 42] , ligament [43, 44] , skin [45] , tendon [43, 46] , hepatic [47] , reticular connective tissue [48] endothelial and blood vessels [49, 50] . Other example includes its use for vaccine design [51] and for the detection of brain activity [52] . Despite progress, currently there are a few tissue-engineering products available for clinical use especially synthetic ones. They can substitute soft and mechanically functional tissues such as muscle and connective tissue [53] .
A large number of discoveries and innovations have occurred in this field and thus a huge amount of data has been created. The management and updating of such a huge data is not an easy task. Thus, development of an appropriate biomaterial database is the need of the hour, which would allow the scientific community to be benefitted by the information given about the recent developments, prevents wasteful duplication of research and increase the faculty of knowledge for taking appropriate decision before initiation of new research. Based on these criteria, we have developed a database on biomaterials. It is available at http://dbbiomat.iitkgp.ernet.in. This derived database mainly focuses on the natural based biomaterials (protein and polysaccharides), site of occurrence of the biomaterials, structures and their applications.
MATERIALS AND METHODS
Biomaterial database is created using relational database management system (RDBMS) [54, 55] and operated in Red Hat Enterprise Linux 4. The web interface is developed in HTML/CSS; PHP and Java scripts are used for retrieving the stored data. The Basic Local Alignment Search Tools (BLAST) explore web interface and its scripts are implemented in PHP, based on [56] [57] [58] . The overall structure of the biomaterial database is shown in Fig. (1) . The protein sequence corresponds to the biomaterials data collected from the protein data bank at www.rcsb.org/pdb. All the sequences are downloaded in a FASTA format and saved in a common database flat file. Then the database file is converted into a format acceptable by BLAST, using the Formatdb program [59] . The stand-alone version of the BLAST program is downloaded from the NCBI/BLAST web site (ftp://ftp.ncbi.nlm.nih.gov/blast/executables/release/LA-TEST/). To begin the search, an input parameter called threshold has to be defined by the user. In the Biomat_dBase server, the input for the BLAST is provided in the text box in standard FASTA format. The input may also be uploaded from the client's local machine. The server takes the query from the input page and searches for similar homology sequences against the biomaterial database by using the BLASTP program. Finally, the similar protein sequences, which are obtained under the given threshold value is displayed in the new window. Data redundancy can be checked by the use of secondary structure matching tool (EBI-SSM) and Root Mean Squire Deviation (RMSD) to prevent the unnecessary duplication and redundancy in the database. The pictures of silk biomaterials are created on the webpage by using cascade style sheet (CSS) and java script.
DATABASE ACCESS AND INTERFACE
Biomaterial database is developed using relational database management system (RDBMS) and interfaced through the custom designed web interface by utilising Hypertext pre-processor (PHP), Hypertext Mark-up language (HTML) and JavaScript. The database is housed in a Sun Fire v880 Server running Solaris 9 (Sun Microsystems). The BLAST search, available in the Biomaterial database utilizes the formatted sequence data available in the relational database. The biomaterial database is freely available at a web based user interface site (http://dbbiomat.iitkgp.ernet.in). It allows users to explore the website and fetch the data corresponding to their queries. It also provides the information related to biomaterials, their sequence homology, percent sequence identity, information about the protein and polysaccharide biomaterials, their occurrences, structures and applications.
The structural component of biomaterial is solved using bioinformatics tools. The PDB ID of the related biomaterials is obtained from the protein data bank (PDB) [60] 
RESULTS AND DISCUSSION
The main objective of this work is to construct a database for biomaterials. Currently there is no such database on this emerging field. In order to develop this, we use a relational database system. For example, we consider the basic local alignment and search tool (BLAST) for protein and polysaccharide database, to store the sequence in the sequence database and to implement the BLAST algorithms within the database system for the retrieval and analysis of sequence information [61] . BLAST is the most widely used algorithm for comparing biological sequences such as amino acids or nucleotides [62] . The query sequence is compared against a large database or library at a very high speed and produces the statistical significance of matching sequences. In addition, the program finds the regions of local similarity during the sequence alignment. Several variants of the BLAST program exist, of which the protein-protein BLAST (BLASTp) program is used for identifying a query of amino acid sequence and for finding similar sequences in protein databases. Thus, the BLAST can be used to infer functional and evolutionary relationships between sequences. In general, the BLAST output tends to be large and need to be processed to gain meaningful information. Several programs are developed to aid this process, which include the MuSeqBox [63] , BioParser [64] , the Nuclear BLAST program [65] and the PLAN web server [66] . All these programs aid in data mining of the BLAST results to generate more comprehensive outputs as required by the users.
PDB ID for protein and polysaccharide biomaterials is obtained from the Protein Data Bank. While creating a database, data redundancy becomes the biggest problem, where same data value is stored more than once in a table. This increases the size of data base unnecessarily, and leads to multiple display of search results leading to confusion and clutter in the database. Database redundancy can be checked by the use of secondary structure matching tool (EBI-SSM) for pair wise comparison and 3D alignment of the structures. Sequences that have higher sequence identity and best Rootmean-square deviation (RMSD) values are chosen. Those having lowest sequence identity and worst RMSD values are discarded. When multiple entry of a given structure is available in the PDB, we retain the one with the best resolution value. Between wild type and mutant proteins or polysaccharides, we kept the wild types to reduce the redundancy in the database.
The homepage of the database has modules for different matrices, classifications, search and references related to biomaterials. The home page module provides information related to the concept of biomaterials, their design criteria and classifications. A typical homepage module is presented in Fig. (2A) . Modules for the matrices provide information on different types of fabricated biomaterial structures in the form of scaffolds, nanofibers, nanoparticles, hydrogels and films used for potential applications of different tissue engineering and regenerative medicine. Classification modules segregate the biomaterials into those of natural and synthetic origin are in Fig. (2B) and (2C) respectively. The natural biomaterials are further classified into proteins and polysaccharides on the basis of their occurrence, structure and applications. We have provided the detail list for synthetic biomaterials and their applications in a tabular form on the web page.
The search tool option has a drop down list box on biomaterials including silk, starch, agarose, alginate, carrageenans, cellulose, chitosan, collagen, elastin, fibrin, gelatin, hyaluronic acid, arabinogallactane, and glycosaminoglycan. They are structurally classified on the basis of their PDB ID, sequence of the related biomaterials Fig. (3). (A) . Represents homology search tool based on BLASTp (B) depicting the overall representation of BLAST result. in FASTA formats, structure descriptions, methods of structural salvations and resolutions, keywords of the related proteins, assembly type of the proteins whether the proteins are bound to RNA or DNA, protein chains and number of residues, nucleotides and number of residues, and their related references as shown in the Fig. (2C) . All the entries are displayed in a tabular format on the webpage. An example on starch biomaterial is shown in Table 1 .
The entry page of BLAST explore is a simple programme that receives only a single FASTA formatted query sequence as an input. This allows the selection of the BLASTP alignment algorithm. This will take the database sequences from the PDB, the selection of BLAST e-Value threshold, the option of filtering low complexity sequence segments and BLAST Matrix. Fig. (3A) represents the BLASTp homology search page. The BALST result page shows the bit score, e-value, sequence alignment and homology sequence with the biomaterial database. The BLAST output thus generated is represented in the form of a web shot as shown in Fig. (3B) . Further, an input parameter, called threshold, should be defined by the users to start the search. The server takes the query from the input page, searches for similar protein and polysaccharide sequences against the biomaterial database using the BLASTP program. Finally, similar sequences which are obtained under the given threshold value are displayed in a new window.
We have put reference modules for the related biomaterials; interested users may also browse through it to retrieve the useful information from the literature. This will help researchers in designing their experiments.
CONCLUSIONS
A major feature of this biomaterial database is the ability to browse through the content. Most of the data are displayed in the form of RDBMS that are integrated in a hierarchical manner. This enables the browsers to display the required data by moving the mouse over it. Based on this, the database is designed for providing a platform for information on biomaterials. For avoiding the unnecessary duplication of research and for efficient utilization of resources and sharing of contents biomaterial database is necessary. This database is focused on the biomaterial types and their characteristics (occurrence, structure and applications). The search tool option provides information related to homology query sequences against all fifteen types of protein and polysaccharides biomaterials based on BLAST search tool.
For a particular protein or polysaccharide, RDBMS is designed to classify the data on the basis of their structures. BLAST explore provides a simple initiative and interactive graphical representation of the BLAST results. We have projected by pictorial diagram on the fabrication of different biomaterial matrices from silk protein biomaterials for different biomedical and tissue engineering applications as an example. This will be helpful for the researchers to get the initial idea how to proceed with the fabrication of biomaterial matrices. This database will help biologists and material scientists to build their own database for sequence similarity and for predicting homology of related query sequences. The users can retrieve the useful information related to natural and synthetic biomaterials from this database. We display some pictures of biomaterials obtained from silk proteins at web page as an example. The silk protein as a biomaterial mimics the natural material extremely well [67] . Biomaterial database is easily accessible and created by the optimization of data and development of common minimum standard for sharing such resources. Inspite of many efforts, still there is no standard protocol for developing a biomaterial database that caters to a specialized area. A continuous critical assessment in this field and dialogue among the academicians and programmers will contribute immensely in knowledge sharing and scientific advancement. The authors recognize this is a first step towards the organization of data integration. We also look forward to increasing network effect benefits for the entire biomaterials community as adoption accelerates and improves to the standard are implemented.
SUPPLEMENTARY DATA
Biomaterial database is freely available on the site http://dbbiomat.iitkgp.ernet.in. Questions, comments and suggestions from the users are welcome for future up gradation.
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